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1
AIR BEARING AREA CONFIGURATION FOR
REDUCING FLYING HEIGHT HUMP ACROSS
A STROKE

BACKGROUND

In magnetic storage devices such as hard disk drives
(HDD), read and write heads are used to magnetically read
and write information to and from the storage media. In a
HDD, data is stored on one or more disks in a series of
adjacent concentric circles. A HDD comprises a rotary actua-
tor, a suspension mounted on an arm of the rotary actuator,
and a slider bonded to the suspension to form a head gimbal
assembly. In a traditional HDD, the slider carries a read/write
head, and radially floats over the recording surface of the disk
under the control of a servo control system that selectively
position the head over a specific track of the disk.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are illustrated by way of example,
and not limitation, in the figures of the accompanying draw-
ings in which:

FIGS. 1A and 1B illustrate an example of a conventional
magnetic disk drive in which a magnetic read element manu-
factured in accordance with various embodiments may be
utilized;

FIG. 1Cillustrates an example of a conventional read/write
head;

FIG. 2 illustrates a bottom view of an example of a mag-
netic read/write head configured without air-channeling fea-
tures;

FIG. 3A illustrates a bottom view of the magnetic read/
write head of FIG. 2 configured with air-channeling features
in accordance with one embodiment;

FIG. 3B illustrates a bottom view of illustrate bottom view
of the magnetic read/write head of FIG. 2 configured with
air-channeling features in accordance with another embodi-
ment;

FIG. 4A illustrates a bottom view of another example mag-
netic read/write head configured with air-channeling features
in accordance with various embodiments; and

FIG. 4B illustrates a perspective bottom view of the
example magnetic read/write head of FIG. 4A.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thorough understanding of various
embodiments of the present disclosure. It will be apparent to
one skilled in the art, however, that these specific details need
not be employed to practice various embodiments of the
present disclosure. In other instances, well known compo-
nents or methods have not been described in detail to avoid
unnecessarily obscuring various embodiments of the present
disclosure.

As described above, magnetic storage devices such as
HDDs use magnetic media to store data and a movable slider
having magnetic transducers positioned over the magnetic
media to selectively read data from and write data to the
magnetic media. The movable slider and magnetic transduc-
ers may be a sub-component of a head gimbal assembly
(HGA). A magnetic transducer typically comprises a mag-
neto-resistive read element (e.g., a so-called giant magneto-
resistive read element, or a tunneling magneto-resistive read
element) and an inductive write structure comprising a flat
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2

coil deposited by photolithography and a yoke structure hav-
ing pole tips that face a disk media.

FIGS. 1A and 1B illustrate an example magnetic disk drive
10 that can include a sealed enclosure 12, a disk drive motor
14, a magnetic disk 16, supported for rotation by a spindle 51
of'motor 14, an actuator 18 and an arm 20 attached to a spindle
S2 of actuator 18. Suspension 22 is coupled at one end to arm
20, and at its other end to a read/write head or transducer 24.
Transducer 24 typically includes an inductive write element
with a magneto-resistive read element (shown in FIG. 1C). As
motor 14 rotates magnetic disk 16, as indicated by arrow R, an
air bearing is formed between an air bearing surface (ABS) of
transducer 24 and a surface of magnetic disk 16 causing
transducer 24 to lift slightly off of the surface of magnetic disk
16, or, as it is termed in the art, to “fly”” above magnetic disk
16. Various magnetic “tracks” of information can be read
from magnetic disk 16 as actuator 18 causes transducer 24 to
pivot in a short arc as indicated by arrows P.

FIG. 1Cillustrates a magnetic read/write head 30 including
a write element 32 and read element 34. The edges of write
element 32 and read element 34 also define an ABS in a plane
which flies above the surface of the magnetic disk 16 during
operation.

Read element 34 includes a first shield 44, an intermediate
layer 38 which serves as a second shield, and a read sensor 46
located between the first shield 44 and the intermediate layer
38. Read sensor 46 has a particular stripe height and a par-
ticular location between the first shield 44 and the second
shield 38, both of which are chosen to attain a particular read
performance. Control of stripe height is important in control-
ling device resistance, device output amplitude, device bias
point and consequently many related measures of perfor-
mance. Magneto-resistive sensors can be used with a variety
of stripe heights, with a typical stripe height being smaller
than about 2 microns, including much less than 1 micron.
Further, although read sensor 46 is shown in FIG. 10 as a
shielded single-element vertical read sensor, read element 34
can take a variety of forms as is known to those skilled in the
art, such as unshielded read sensors.

Write element 32 is typically an inductive write element
including the intermediate layer 38 which serves as a first
yoke element or pole, and a second yoke element or pole 36,
defining a write gap 40 therebetween. First yoke element 38
and second yoke element 36 are configured and arranged
relative to each other such that the write gap 40 has a particu-
lar nose length, NL. Also included in write element 32, is a
conductive coil 42 that is positioned within a dielectric
medium 43. As is well known to those skilled in the art, these
elements operate to magnetically write data on a magnetic
medium such as a magnetic disk 16.

The flying height (FH), which can refer to the aforemen-
tioned air bearing space between media (e.g., magnetic disk
16) and the magnetic read/write head 30 (of a transducer) on
a slider, is a key parameter that affects the performance of a
magnetic storage device. Accordingly, a nominal FH is typi-
cally chosen as a careful compromise between each extreme
in a classic engineering “trade-off.” If the FH is too high, the
ability of the transducer to write and/or read information
to/from the surface of the media/disk surface is degraded.
Therefore, reductions in FH can facilitate desirable increases
in the areal density of data stored on a disk surface. However,
the air bearing between the slider and the disk surface cannot
be eliminated entirely because the air bearing serves to reduce
friction and wear (between the slider and the disk surface) to
an acceptable level. Excessive reduction in the nominal FH
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degrades the tribological performance of the disk drive to the
point where the disk drive’s lifetime and reliability become
unacceptable.

One challenge that disk drive engineers face is to maintain
the desired nominal FH nearly constant despite changes in
radial positioning of the magnetic read/write head. As the
radial position of the magnetic read/write head changes, the
relative velocity of the disk surface due to disk rotation also
changes. Specifically, the relative velocity of the disk surface
increases with increasing radius, tending to influence the FH
to increase as the slider is radially positioned towards the disk
outer diameter (OD), which can be referred to as the “velocity
effect” on FH.

Furthermore, as the radial position of the magnetic read/
write head changes, the relative direction of incoming air flow
changes. Specifically, in magnetic storage drives that utilize a
rotary actuator (or a linear actuator having a line of action that
does not pass through the disk center) the skew of the slider
will change as the actuator changes its radial position relative
to the disk surface. As the skew of the slider changes, the
direction of incoming air flow relative to the slider changes
accordingly, tending to change the FH, which can be referred
to as the “skew effect” on FH.

In the past, various methods and/or air bearing features for
at least partially cancelling the velocity effect on FH with the
skew effect on FH have been developed. For example, certain
magnetic storage drives have been designed such that the
maximum skew will occur at the disk OD (where the disk
surface velocity is highest), thereby partially canceling the
two effects. Also for example, so-called Transverse Pressure
Contour air bearings have utilized recessed steps along the
outer edges of the air bearing side rails to better pressurize the
rails when the incoming air flow was significantly skewed.

Attempts have also been made to skew the shape of the
trailing pad of certain air bearing designs, and/or one or more
pressurizing steps around the trailing pad of certain air bear-
ing designs, to better cancel the skew effect and velocity
effect. However the design of the air bearing trailing pad,
and/or pressurizing steps adjacent the trailing pad, strongly
influences other important FH sensitivities such as sensitivity
to changes in ambient pressure (i.e., altitude sensitivity) and
sensitivity to the slider or disk crown and camber. These
sensitivities strongly depend upon the trailing pad design
because the trailing pad typically includes the location where
the maximum pressure developed by the air bearing occurs,
and the trailing pad is also where the flying height is most
important because the trailing pad is typically adjacent the
transducer (if any).

Accordingly, many conventional ABS designs result in
complex features for achieving that nominal FH. However, it
remains that the FH can be higher at the disk middle diameter
(MD) than at the disk inner diameter (ID) and OD. This can be
referred to as an MD FH hump, and can be attributed to
increased air flow, which in turn results in increased pressure/
push-back that raises the slider at the disk MD when com-
pared to air flow at the disk ID/OD. The MD FH hump
generally prevents the dynamic FH (DFH) and/or touch down
(TD) power profile (the DFH power for slider contact with a
recording medium due to DFH protrusion) from being flat
across the stroke which can have a negative impact on TD and
the back off setting. That is, and during read and write opera-
tions, the magnetic read/write head moves adjacent to the
recording surface of the disk at the Head Disk Interface (HDI)
in preparation for performing read and write operations. Dur-
ing this movement, intermittent contact between the magnetic
read/write head and disk surface may occur at the HDI, par-
ticularly with a low FH between the magnetic read/write head
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and the surface of the disk. Magnetic read/write heads include
a DFH adjustment to control the FH.

In particular, the ABS design with which a magnetic read/
write head can be configured attempts to get the magnetic
read/write head as close as possible to the surface of the disk.
To further reduce that gap/FH, DFH adjustment acts by
applying a thermal actuation (via a heater element of the
slider) during read and write operations which results in the
expansion of the magnetic read/write head. This induces low-
ering of the magnetic read/write head portion of the slider to
the surface of the disk until they touch. Thereafter, the mag-
netic read/write head is backed/pulled off “slightly,” thereby
raising the magnetic read/write head off the surface of the
disk. The DFH/TD power profile refers to the amount of
power needed to apply the requisite thermal actuation/
amount of power that needs to be injected into the heater for
heating the magnetic read/write head. However, this remains
insufficient for flattening the DFH TD power profile across
the stroke.

It should further be noted that the heat-driven expansion of
the magnetic read/write transducer can produce a protrusion,
the protrusion being the area of the magnetic read/write trans-
ducer that contacts the surface of the disk. However, the
presence of the protrusion can result in a push-back effect, all
of which may also affect the FH and ABS design.

Accordingly, various embodiments provide a slider con-
figuration where the magnetic read/write head is raised at
both the ID and OD such that the MD FH hump is substan-
tially negated. That is, various embodiments introduce one or
more air-directing or air-channeling elements, such as fences,
trenches, channels, and/or notches into the slider design that
can compensate for the increased air flow at the MD (that
leads to the MD FH hump). In particular, such elements can
provide increased air flow at the disk ID and OD (where the
skew angle(s) are substantially non-zero and where the air
flow through the air bearing towards the trailing edge/linear
velocity of the disk across the stroke changes). As a result, the
slider can be raised relative to the surface of the disk at the ID
and OD. Hence, the slider will no longer experience the MD
FH hump as the DFH/TD power profile can be flat across the
stroke.

FIG. 2 illustrates a bottom view of an example slider 200.
Slider 200 can be configured to have a leading edge 202 and
atrailing edge 204. Moreover, slider 200 has a transducer 206
proximate to/at the trailing edge 204. The bottom surface of
slider 200 makes up an ABS, where the various shaded areas
of bottom surface of slider 200 are indicative of areas that
have been etched at various depths resulting in different cavi-
ties, steps, and/or pads. As alluded to previously, at the disk
MD, slider 200/transducer 206 will experience an increased
FH due to increased air flow to the ABS of slider 200/trans-
ducer 206, which in turn results in the MD FH hump.

FIG. 3A illustrates a bottom view of an example slider 300
configured in accordance with one embodiment to have one
or more air-channeling elements or features to increase the
FH at the disk OD and ID. Similar to slider 200, slider 300 has
aleading edge 302, a trailing edge 304, and a transducer 306.
In operation, slider 300/transducer 306 flies above the surface
of a disk at an angle, where leading edge 302 is raised and
trailing edge 304 along with transducer 306 is positioned
lower and closer to the surface of the disk.

As described above, and in order to raise the FH of slider
300/transducer 306 at the disk ID and OD, notches 312a and
3125 are etched or otherwise implemented into leading step
308. As slider 300/transducer 306 flies above the surface of
the disk, the aforementioned incoming flow of air is directed
to notches 3124 and 3125 via a trench 310 etched behind a
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leading edge fence 314. As can be appreciated, when the flow
of air is directed to/through notches 312a and 3125 towards
the center line of slider 300 (as indicated by the dashed arrows
angled towards the dashed center line), slider 300/transducer
306 is lifted. As a result, the MD FH hump of the ABS design
of slider 300 is essentially flattened.

It should be noted that due to leading edge fence 314, at a
substantially zero skew angle (experienced at the disk MD),
air flow can be substantially or at the least, sufficiently
blocked from entering trench 310 and/or notches 312a and
312b. In this way, slider 300/transducer 306 is raised only (or
substantially only) as slider 300/transducer 306 traverses the
disk ID and OD, when the skew angle(s) is substantially
non-zero. The effect of this is that the FH of slider 300/
transducer 306 may be raised/increased at the disk ID and
OD, while the FH of slider 300/transducer 306 at the disk MD
remains substantially the same. Even if there is some
increased air flow due to notches 3124 and 3125 at the disk
MD, the effect is less than that at the disk ID and OD. More-
over, leading edge fence 314 may also serve to block con-
tamination/particles from entering the air bearing space of
slider 300. It should be noted that variations in specific
designs/manufacture of a slider and/or its components/ele-
ments, there may be some variability in skew angles. Accord-
ingly, various embodiments described herein may be oper-
able within some small range, i.e., at substantially zero/non-
zero skew angles.

FIG. 3B illustrates another example slider 320 configured
in accordance with another embodiment. Like slider 300,
slider 320 may have a leading edge 322, a leading edge fence
334, atrailing edge 324, and a transducer 326. Also similar to
slider 300, slider 320 may have notches for enhancing air flow
into the air bearing (again, two notches 3324 and 3325) in
conjunction with trench 330 that can assist in leading more air
into the air bearing at the disk ID and OD.

The air-channeling elements or notches may have different
sizes, depths, locations/placement as may be desirable
depending on the operational/design needs of the slider and
ABS to obtain different reduction levels of the MD FH hump
relative to the disk ID and OD. For example, and in accor-
dance with one embodiment, such a notch may be configured
to have a length 1, that can be anywhere from approximately
10 to 80% of the length of the leading edge/shallow step 1, 5
(328 in F1G. 3B). The notch may further be configured to have
a width w,, that can be anywhere from approximately 10 to
50% of the length 1,. Moreover, the notches can be angled,
e.g., towards the center line of the slider, parallel to the center
line/sides of the slider, or angled towards to the sides of the
slider. In accordance with one embodiment, each of the
notches may be angled anywhere from approximately 0 to 30
degrees towards the center line of the slider (0 degrees being
parallel to the center line/sides of the slider).

It should be noted that the number of notches for channel-
ing airto the air bearing of a slider can vary as well. Moreover,
the orientation, size, and/or depth of the notches need not
necessarily be the same. That is, in a configuration with two
notches, one of the notches may be configured for optimal air
flow at the disk ID (e.g., taking into account the skew angle(s)
at the disk ID), while the other one of the notches may be
configured for optimal air flow at the disk OD (e.g., again
taking into account the skew angle(s) at the disk OD).

FIG. 4A illustrates a bottom view of still another example
slider 400. Slider 400 may have a leading edge 402, a trailing
edge 404, and a transducer 406. At or directly behind leading
edge 402, is a leading edge fence 414, and behind leading
edge fence 414, is a trench 410. Air-channeling notches 412a
and 4126 may be cut/etched or otherwise implemented at

10

15

20

25

30

35

40

45

50

55

60

65

6

leading edge step 408. In this example, slider 400 incorpo-
rates notches 412a and 4125 that are parallel to the center line
of'slider 400. It should be noted that sliders may have varying
dimensions. For example, a “Pemto” type slider design may
generally refer to a slider having the following dimensions:
approximately 1.25 mm long, approximately 0.7 mm wide,
and approximately 0.23 mm thick, although some manufac-
turers due to particular manufacturing requirements may con-
figure a Pemto type slider to be, e.g., approximately 1.35 mm
long. A “Femto” type slider may generally refer to a slider
having the following dimensions: approximately 0.85 mm
long, approximately 0.7 mm wide, and approximately 0.23
mm thick. In accordance with one example, slider 400 may be
a Pemto type ABS slider design, where the length of slider
400 is approximately 1.253 mm, the width is approximately
0.7 mm, and the thickness at its largest (shallowest etched
area(s)) is approximately 0.23 mm. In accordance with
another example, slider 400 may be a Femto type ABS slider
design, where one or more dimensions of slider 400 and/or
one or more elements of slider 400 may be decreased. For
example, and as discussed above, the length of a Femto type
ABS slider configured in accordance with another example
may be about 0.85 mm, the width may be about 0.7 mm, and
the thickness at its largest (shallowest etched area(s)) may be
about 0.23 mm.

FIG. 4B illustrates a perspective bottom view of slider 400
and the respective depths of certain areas therein. Leading
edge step 408 may be a relatively shallow step being etched to
adepth of approximately 0.1 to approximately 0.2 microns. A
secondary shallow cavity 416 may be etched to a depth of
approximately 0.4 to 0.8 microns. A deeper (side) cavity 418
may be etched to a depth of approximately 0.8 to approxi-
mately 1.5 microns. The deepest (forward) cavity (in this
embodiment) 419 may be etched to a depth of approximately
1.5 to approximately 3.0 microns.

A flat FH profile across the stroke has been a long time goal
for ABS designs because a flat FH profile is beneficial to
obtaining a tightened head media spacing budget across a
stroke with or without DFH. Various embodiments provide an
easy and convenient mechanism that allows ABS designers to
flatten an ABS FH profile to reach design requirements during
an ABS optimization. It should be noted that although various
embodiments disclosed herein have been described in the
context of magnetic recording media, various embodiments
can be adapted for use with other forms of media, e.g., mag-
neto-optical disks, optical disks, etc. As an added advantage,
the flattened ABS FH profile (resulting from the trench and/or
air-channeling elements/features incorporated into the slider)
translates into more actuation efficient (of the actuator over
the ID, OD, and MD) during operation of the HDD.

Although described above in terms of various exemplary
embodiments and implementations, it should be understood
that the various features, aspects and functionality described
in one or more of the individual embodiments are not limited
in their applicability to the particular embodiment with which
they are described, but instead can be applied, alone or in
various combinations, to one or more of the other embodi-
ments of the application, whether or not such embodiments
are described and whether or not such features are presented
as being a part of a described embodiment. Thus, the breadth
and scope of the present application should not be limited by
any of the above-described exemplary embodiments.

The terms “over,” “under,” “between,” and “on” as used
herein refer to a relative position of one media layer with
respect to other layers. As such, for example, one layer dis-
posed over or under another layer may be directly in contact
with the other layer or may have one or more intervening
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layers. Moreover, one layer disposed between two layers may
be directly in contact with the two layers or may have one or
more intervening layers. In contrast, a first layer “on” a sec-
ond layer is in contact with that second layer. Additionally, the
relative position of one layer with respect to other layers is
provided assuming operations are performed relative to a
substrate without consideration of the absolute orientation of
the substrate.

Terms and phrases used in this document, and variations
thereof, unless otherwise expressly stated, should be con-
strued as open ended as opposed to limiting. As examples of
the foregoing: the term “including” should be read as mean-
ing “including, without limitation” or the like; the term
“example” is used to provide exemplary instances of the item
in discussion, not an exhaustive or limiting list thereof; the
terms “a” or “an” should be read as meaning “at least one,”
“one or more” or the like; and adjectives such as “conven-
tional,” “traditional,” “normal,” “standard,” “known” and
terms of similar meaning should not be construed as limiting
the item described to a given time period or to an item avail-
able as of a given time, but instead should be read to encom-
pass conventional, traditional, normal, or standard technolo-
gies that may be available or known now or at any time in the
future. Likewise, where this document refers to technologies
that would be apparent or known to one of ordinary skill in the
art, such technologies encompass those apparent or known to
the skilled artisan now or at any time in the future.

The presence of broadening words and phrases such as
“one or more,” “at least,” “but not limited to” or other like
phrases in some instances shall not be read to mean that the
narrower case is intended or required in instances where such
broadening phrases may be absent. The use of the term “mod-
ule” does not imply that the components or functionality
described or claimed as part of the module are all configured
in a common package. Indeed, any or all of the various com-
ponents of a module, whether control logic or other compo-
nents, can be combined in a single package or separately
maintained and can further be distributed in multiple group-
ings or packages or across multiple locations.

Additionally, the various embodiments set forth herein are
described in terms of exemplary block diagrams, flow charts
and other illustrations. As will become apparent to one of
ordinary skill in the art after reading this document, the illus-
trated embodiments and their various alternatives can be
implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration. Moreover, the
dimensions in these diagrams and illustrations are not neces-
sarily drawn to scale.

What is claimed is:

1. A slider, comprising:

a leading edge and a trailing edge;

a transducer proximate to the trailing edge for performing

read and write operations on a recording medium;

a fence proximate to and parallel to the leading edge;

a trench positioned behind the fence; and

at least two air-channeling elements configured to direct air

flow received by the trench substantially towards an air
bearing space between the slider and the recording
medium, wherein each of the at least two air-channeling
elements is etched into a leading step of the slider, and
wherein the leading step is etched to a depth of approxi-
mately 0.1 to 0.2 microns below the highest point of an
air bearing surface of the slider.

2. Thesslider of claim 1, wherein the slider is one of a pemto
type slider or a femto type slider.
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3. The slider of claim 1, wherein each of the at least two
air-channeling elements comprise a substantially elongated
notch etched into the leading step.

4. The slider of claim 3, wherein each of the at least two
air-channeling elements are angled such that the air flow is
directed substantially towards a longitudinal center of the
slider.

5. The slider of claim 3, wherein each of the at least two
air-channeling elements are substantially parallel to the lon-
gitudinal center of the slider.

6. The slider of claim 1, wherein the at least two air-
channeling elements are configured to direct air flow towards
the air bearing space while the slider is operative at an inner
diameter portion of the recording medium and at an outer
diameter portion of the recording medium.

7. The slider of claim 1, wherein the at least two air-
channeling elements are configured to direct air flow towards
the air bearing space substantially only while a skew angle of
the slider relative to the recording medium is substantially
non-zero.

8. The slider of claim 1, wherein the fence substantially
prevents air flow from reaching the at least two air-channeling
elements while a skew angle of the slider relative to the
recording medium is substantially zero.

9. The slider of claim 1, wherein the fence protects against
entry of contaminating particles into the air bearing space.

10. A disk drive, comprising:

a rotatable recording medium;

a longitudinal slider having a leading edge and a trailing
edge, a bottom surface of the longitudinal slider proxi-
mate to the rotatable recording medium defining an air
bearing surface;

a transducer proximate to the trailing edge for performing
read and write operations on the rotatable recording
medium,;

a fence proximate to and parallel to the leading edge;

a trench positioned behind the fence; and

at least two air-channeling elements configured to substan-
tially lift the longitudinal slider with air flow received by
the trench and directed to the air bearing surface,
wherein each of the at least two air-channeling elements
is etched into a leading step of the longitudinal slider, the
leading step being etched to a depth of approximately
0.1 to 0.2 microns below the highest point of the air
bearing surface of the longitudinal slider.

11. The disk drive of claim 10, wherein the at least two
air-channeling elements are configured to substantially lift
the longitudinal slider when the longitudinal slider is posi-
tioned over a portion of the rotatable recording medium such
that a skew angle of the longitudinal slider is substantially
non-zero.

12. The disk drive of claim 10, wherein the length of at least
one of the at least two air-channeling elements is configured
to be approximately 10 to 80% of the length of a leading edge
of the longitudinal slider.

13. The disk drive of claim 12, wherein the width of at least
one of the at least two air-channeling elements is configured
to be approximately 5 to 25% of the length of the leading edge
of the longitudinal slider.

14. The disk drive of claim 10, wherein the at least two
air-channeling elements are asymmetrically configured.

15. The disk drive of claim 10, where at least one of the at
least two air-channeling elements is positioned such that a
first end of the at least one of the at least two air-channeling
elements proximate to the leading edge is substantially
orthogonal to the leading edge and a second end of the at least
one of the at least two air-channeling elements distal from the
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leading edge is angled approximately O to 30 degrees towards
a centerline bisecting the longitudinal slider.

16. The disk drive of claim 10, wherein a depth of each of
the at least two air-channeling elements is less than a depth of
the trench.

17. The disk drive of claim 10, wherein a first air-channel-
ing element of the at least two air-channeling elements is
configured for optimal channeling of air flow at an inner
diameter portion of the rotatable recording medium, and
wherein a second air-channeling element of the at least two
air-channeling elements is configured for optimal channeling
ofair flow at an outer diameter portion of the rotatable record-
ing medium.

18. A disk drive, comprising:

a recording medium;

an actuator;

a suspension mounted to an arm of the actuator; and

5

10

10

a slider bonded to the suspension, wherein the slider carries

aread/write head configured to radially fly over a surface
of the recording medium and is configured with at least
two air-channeling elements for directing air flow to
achieve a dynamic flying height or touch down power
profile that is substantially flat across the stroke the arm
of the actuator substantially through the entire radius of
the recording medium, wherein each of the at least two
air-channeling elements is etched into a leading step of
the slider, and wherein the leading step is etched to a
depth of approximately 0.1 to 0.2 microns below the
highest point of an air bearing surface of the slider.

19. The disk drive of claim 18, wherein the slider further
comprises a trench etched between a fence adjacent the lead-

15 ingedge of the slide and the leading step for directing air flow

into the two air-channeling elements.
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